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TURSIDIMLTRIC ..T4UD OR THzn DUT-RMINATION OF suT.w-Ll0PROTEIN
add CLXnUunlICaldo 1w BLUOD SBRUM anD Tls8s5unS

/ Following is the translation of an article by

se No Kllmov, T. We Lovyagina, &and =~. O. Ban'&ovsxaya
Laboratory for tne Biochemistry of Lipoid metabolism,
Jepartment of Riochemistry, lnstitute of xperimental
Jdeaicine, ..ul USSR, Leningrad, published in the
Russian-language periodical Laboratornoye Delo (Labor=
atory Affairs), o 5, 1966, pages 276--~280. Lt was
submitted on 28 Jul 1964. 7 :

In 1955 Bruastein and Samaille /1/ proposed a rapid and simple
wvaroidimetric method for the determination of beta-lipoprotein in
uvlood serume. 1t was based on the selective precipitation of the
latter with the help of dextran sulfate and heparin in the presence
ol ions of Ca, ., Co, and Ni. If the appropriate conditions are

observad insoluble complex compounds O0f beta=lipoproteins with
dextran sulfate and heparin do not fall out immediately into the
precipitate, but cause a uniform turbidity of the solution. The
degree of turbldity corresponds to the concentration of beta-
lipoproteins.

The propossed turbidimetric method for the determination of

oeta-lipoprotein turned out to be suitable for the investigation

of the blcoa of man and the majority of unimals [:7. However,

the following dirfficulties were encountered in the quantitative
evaluation of data obtained by thls method, First of all it turned
out to be impossibl~ to construct a standard curve based on dry
beta=lipoprotein, as this is sug,ested by .. Ledvina /3/ for ex-
ample. Until now, no one has been able to obtain pure dry and
non=-denatured beta=lipoprotein. 7The fact is that beta-lipoproteins
are very unstable compounds and are denatured during drying and
I'reezing. Secondly, dextran sulfaute, heparin, and other sulfated
polyanions precipitata lipoproteins with a denslty of 1.063 and
lower /4,57, 1.e., not only beta-lipoproteins, but also chylomicrons,
nerefore, according to our observatlions an analysis of blood serum
by the turobidimetric method, especially lipemic, without the removal
of chylomlcrons leads to overstated results.

In the present work a metnod is proposed for the separate
determination of beta~lipoproteins and chylomicrons, and also a
metnod is cited for the construction of a standard curve which would
make 1t possible to obtain more accurate data on the content of beta=-

ipoproteins.,
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For total determination of beta=-lipoproteins and chylomicrons
to 2 ml:of an 0.025 » solution of CaCly we add Oz 1l oI tne serum
to ve itested wind determine the outical density (D) in & FuX =l
pilotoelectric colorimeter in a cuvette with a thiBiness ol 0.5 cm
with a r.d liznt filter (700 nm). Then to tae cuvette we 2d4d
0.04 1l of a 1) sclution of nepurin < and the mixture is ovlended.
dere thne beta-lipoproteins and cnylomicrons transform into an insol-
ublo condition In the form of a complex with heparin, causing a
uniform: turbiditwy of tae solution and thus increasing optical density.
Tue 1atter .s uevermined 4 minutes (exactlyl) after addition of the
heparin’ (Dg). <ine difference D,=—D; belongs to the optical density
c.used by fipo-proteins and chylomicrons. in the case of nignly
lipemic: serum distilled water is used to dilute tne latter.

# 1 mggof heparin is equal to 130 [E [ﬁass un;§7.

Since heparin added to blood serum causes the precipitation
not only of beta=lipoproteins, but also of chylomicrons, in order
to obtaln data about the content of beta-lipoproteins in serun,
especially lipemic, it 1s necessary first of all to separate tne
chylomié¢rons from the beta~lipoproteins. For this purpose to 5§ ml
of ssrum we add 1.4 ml of a solution of nNaCl with a specific gravity
of 1.006 (0.85% solution). The solution of lNaCl was added very
slowly and carefully from a hyperdermic needl® over the wall of
the test tube so that it stratified on the serum. Then it wus
centrifuged at 10,000 g for 10 minutes. The caylomicrons rcse to
the surface in the form of a thin film or ring, if they were few,
and the lipoproteins remalned in the serum. The sclution and serum
were not mixed. With a hyperdermic the serum was carefully drawn
out from under the saline solution and in it a determination was
made of the content of beta=lipoproteins by the above-stated method.

The content of chylomicrons was establiéhed by the difference
between the total content of beta~lipoproteins and chylomicrons on
the one hand and the content of beta~liproteins on tne other.

Quantitative evaluation of beta~lipoproteins is made by &
standard curve wnich 1s constructed in the following manner. Serum
with a high conteat of beta-lipoproteins (it is desirable thnat
optical density, determin.d by the turbidimetric method, comprise
approximately ()s7--0.,8), after it has been freed of chylomicrons,
is diluted with water by 2, 3, and 4 times. From each diluted
sample of serum 0.2 ml is taken for the determination of beta=-lipo-
proteins by the turbidimetric method, and 10 ml of initial and

dilutedisera are used for the precipitation of beta=lipoproteins.
]
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ser tads, to tao stated volume of serum, which was placed in a

cuontrifuge test tudbe, 100 ml off distilled water, 2.5 :al of a 2 i
sviution of Call, and O.8 ml of a comiercial solution of neparin
(ol L0 univs in b ord) ere added. The mixture is stirred thore

\

Gitaly, and .onscd ln oa refrigeratvor at 2—=39 for an aoure Then
v Simplos Lru centrifuged in & roefrijerated centrirugse for 456
LLnilul ut oLy ruide oS A result a thaick grecipitate of beta-

lipoproteins Zs Dormeds ‘Whne supernztant liguid is decanted and

the octa=lizo.rotcing are dissolved in 2 rl of a 5% solution of
&0l and trazoicrred cuantitatively into special veakers for
dialysise. Tnezo are made I'rom slexiglas and nave & screw=-on ring
on tae bottom for fixation of & celloonane membrane.
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Figure 1. Standard curve for determination of tae content of beta-
lipoproteins and chylomlcrons. Lxplanation in the text.

The centrifuge test tubes were rinsed twice with 0.5 ml of
distilled water, which was decanted into tue same beakers four dialysis.
Dialysis was conducted at 2—5° for 48 hours against distilled water,
cnanging the lutter 2—3 times. Then the contents of tae beakers
were transferred into welghing bottles and dried in a dessicator
&t 70-—80° until a uniform weignt was reucned. Having determined
tiae weight of betu-lipoproteins in each sample, we cancel out the
curve oI depsndence of the previously detcrmined optical density on
tne welight of beta=-lipoproteins. Fijure 1 snows the standard curve
for tho determination of beta-lipoprotecins in tne blood serum of
rabbits, The proposed curve holds true for beta=lipoproteins from
tae serum of both man and animals (rabbits, dogs, and others).

Tlissues do not contain chylomicrons and therofore ull
lipoproteins with a density of 1.063 and lower represent come
pounds wiich are close or analogous to the bata=lipoproteins of
blood.

. For determination of beta~llipoproteins a portion of tissue was
crushed witn quartz sand in the cold in a preliminarily cooled porce-
lain nortar. Then a veronal-medinal buffer (pH 8.6, lonic strength
0.1) was addad there in & 5==10-fold 'mount. The tissue was
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; thoroughly crushed in the ouf ersolution to a homogeneous mass,

: which was transferred into cenvrifuye test tubes a a centrifuged
at 4000 rom for 1l0-—15 minutes. he extruct was poured off und the
beta=-lipoproteins in it determincd. For this purpose to 2 ml of
an 0.025 I solution of CaCl, wc added 0.2 ml of resulting extract
and 0,04 ml of a 1% solution of heparin, the mixture wus tdoroughly
nixed, and then tne optical density (Do) wes establisned in a
FuK-ii-l photoclectric colorimeter in a cuvette witn a thickness of
0.5 cm with « red light filter (700 nm), just as in the determina-
ticu of onetva-llpoprotelins in serum. Taen the entire mixture wus
transferred from the cuvette into a test tube and again centrifuged
at 3000 rpm for 15~-20 minutes. 4ll the beta-lipoproteins precipi=-
tatod. | Tne supernatant liquid was poured off again in" » a cuvette
und the opticul density (D;) was determined. The difference

is attributed to the optical density caused by the beta=
l?popro oins of tissue,

1

; Table 1
Content of beta-lipoproteins in the blood serum of man and animals
(in mgh)
i
\ " E :
g HRIHIEARIRAR
: 515 1351 165| 530 | 105] 205] tas
! 560| 120| 15| 560 | 10| 385 | 240
: GI5] 170 165} 5801 1251 300 ] 200
! 6601 220 220 615| 125| 515| 435
660 | 220 | 165( 660 | 125 | 365 [ 575
81s| 05| aco| 6w | 130 = | Z
870 | 330 | 25| 00| 165, — | —
005 | 3c0( 30| 000 18| = | =
95| 0| 20 (1m0} — | = | =
95| s0f — [1200] — | = | =
100 — | = j1g10| = | = | =

Ke (a) iian; (b) Rabbit; (c¢) Guineu pig; (d) Suslik; (e) EKat;
(£ fiGa (g) Doge

A quantitative evaluation wacs made bused on the curve obtained
for tho bota=-llpoprotelins of seruin, o determined the beta=lipo=
protolns in tie aortu und livor of ruobits. 1in the first case the
dilution of tissuo comprisud li«¢, and in the second = 1:9. If
tioro wus much betae~lipoprotein in- the oxtract being investigated
it was ;nocessury to dilute it sevoral tines,

Tuble 1l presents tho content of beta-lipoproteins in the blood
serum of man and some animals according to data from the proposed
nethod. .
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Table 2 Table 3
Content of beta-lipoproteins and Content of beta=-lipoproteins
chylomlerona in the blood serum of in the aorta of rabbits
rabblts with oxperimentul aticro- (in nge) — R
2 o v 2
sclerosis (in nmzp) § s L
| o (Y ¢ 7P x% | =28
£, & () (e
Sq ®
s32 |8 | § 1 298
£18 | B, | @2 2 300
SHIR KL ]| ¥
“s - 4 420
S 500
1000 700 3?0 6 S00
1150 800 30 7 630
o i P | M
1975 | 1800 | 175 ’ »

2325 | 2200] 125 Key: (a) #o. of animal;
2150 | 1950 1 500 (b) seta=-lipoproteins.

M50 3126 328 -

-

~

Key: (a) Beta-lipoproteins plus
chylomicrons; (b) Beta-lipoproteins;
(c§ Chylomicrons.

Data from Takle 1 are in good agreenent with tne generally
accepted indices of the content of beta-lipoproteins in blood which
are obtained with tne help of preparing ultracentrifuging and
other metnods /&7,

As a rule in blood taken from man or animals on an empty stomach
tne contAnt of chylomicrons was exceedingly low or they were absent.
However, after thoe tuking ol fatty food or the development of
experimental atheroscleirosis as a result of feeding tho animals
cholesterol, the lovel of chyliomicrons can increase significantly.

Table 2 proesents data on the content of beta-lipoproteins and
chylomicrons in the blood serum cof rubbits with experimental atnero-
scleroslis.

As can be seen from Table 2, during experimentul atnerosclerosis
uhe content of chylomlcrons and espocially of veta=-lipoproteins is
incrcused, wnile the latter is alweys pgreater tnan caylomicrons.

40 spocific dependence is noted betweern the content of beta=lipo=-
Jroteins and chylomicrons., 7The data cited in Table 2 also testify
tuat in a number of cus.s a significant error can develop if the
veta-lipoproteins were determined with a consideration of the son=-
tent of chylomicrons,

Table 3 presents data on the content of beta=lipoproteins in
the aorta of nealthy rabbits.
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It can be seen from table 3 that the content of oeta=lipo-
proteins in the aorta of rabbits exceeds tneir level in the blood
(see Table 1).

'Still more beta-lipoproteins are found in tie liver, where
taney are forrned, Based on data obtalned by our metnod the content
of be;a-lipoproteins in the liver of a rabpit comorises 1500-=2000
mg‘/o [y .
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